Crossbred ewe and wether lambs were used to evaluate the effects of a normal, nocturnal elevation in the concentration of melatonin in the serum on immunological functions. The nocturnal elevation in melatonin was eliminated by exposing half the lambs to constant light (LL), whereas the remainder received a 12-h light, 12-h dark cycle (LD). Immune function was challenged by treating half the lambs in LL and half of the lambs in LD with dexamethasone @Ex; .04 mg/kg); the remainder of the lambs received only a saline vehicle (SAL). The resulting treatment combinations were designated D S A L (n = 5), LD+DEX (n = 5). -SAL (n = 5), and LL+DEX (n = 5). Lambs were stanchioned individually in environmental rooms; photoperiod treatments commenced on that day (d -14). Also on d -14, lambs were given 1 mg ovalbumidlamb in adjuvant. Lambs were given a booster injection of .5 mg ovalbumidlamb on d 0. Treatments with DEX and S A L also began on d 0 and were repeated every 48 h through d 14. Catheters were placed in the jugular vein of all lambs on d 12; samples of plasma and serum were collected hourly from 0800 on d 14 to 0800 on d 15; plasma was assayed for adrenocorticotropic hormone (ACTI-JJ and serum was assayed for cortisol and melatonin. In addition, samples of serum obtained at 0800 on d 15 were used to evaluate antibody titers to ovalbumin. Samples of whole blood also were obtained at 0800 on d 15, and total and differential leukocyte numbers and production of interleukin-2 (IL-2) by lymphocytes were determined Profiles of melatonin were not affected by treatment with DEX, but fitted profiles of melatonin differed for lambs in LD vs those in LL (P < .001). Treatment with DEX reduced both ACTH and cortisol (P < .005), but the photoperiod did not affect these hormones. Total leukocytes (P < .005) and monocytes (P < .01) were gmiter for lambs in LD, but DEX did not affwt total or differential leukocyte numbers. Antibody production in response to ovalbumin was reduced by treatment with DEX (P e .05), but production of IL-2 was not influenced by treatment. These data do not support a role for the normal, nocturnal 
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gonadal changes appropriate for either the initiation or cessation of the breeding season (Yellon et al., 1985; Robinson and Karsch, 1987) .
Recently, other functions of melatonin have been described that are not linked in an obvious way to the time-keeping function of the pineal hormone. For example, melatonin reduces the proliferation of certain types of cancer (Hill and Blask, 1988;  Lissoni et al., 1989 ). Another, recently described function of melatonin is its immunomodulatory capacity. Pharmacological blockade of the nocturnal surge of melatonin greatly reduced the ability of mice to form antibodies to sheep red blood cells ( Maestmni and Pierpaoli, 1981) . Similarly, the antibody production of young mice housed in constant light (thus, presumably functionally pinealectomized) in response to injection of sheep red blood cells was reduced (Maestroni and Pierpaoli, 1981) . Further, administration of pharmacological doses of melatonin to mice prevented stressor-and corticosterone-induced reductions in antibody production and in thymic weight, respectively (Maestroni et al., 1988) .
A normal role for the circadian rhythm of melatonin in immunological functions of domestic animals has not been evaluated. Therefore, we designed the current experiment with this objective in mind. Our approach was to eliminate the nocturnal increase in melatonin by constant environmental lighting and to challenge the immune system of lambs with a known immunosuppressive agent, the synthetic glucocorticoid dexamethasone.
Experlrnental Procedure
General. Crossbred ewe and wether lambs (approximately 6 mo of age) were used in our experiment. The exact ages of the sheep were unknown, so the lambs were blocked by sex and weight and assigned within blocks to treatments in a 2 x 2 factorial experiment. Lambs were stanchioned individually in environmentally controlled moms at 22'C and fed .5 kg of a 50% corn, 50% alfalfa pellet diet twice daily (1 kg total per day). The photoperiod treatments commenced on the day that the animals were first housed in the environmental moms (d -14). Timers were set to illuminate fluorescent lights at 0600 and extinguish them at 1800 for lambs in LD, lights in the other environmental mom remained illuminated continuously. Intensity in both moms averaged 202 f 15 Ix (mean f SD). Small (7-watt) red lights providing 7 f 2 lx were illuminated during the dark hours far lambs in LD to facilitate blood collection during the dark period. This level of illumination does not prevent the nocturnal elevation in melatonin in sheep (Bittman et al., 1983 Endocrine Ena'points. Samples of plasma were assayed for adrenocorticotropic hormone (ACTH); serum was assayed for cortisol and melatonin. The RIA for ACIX and cortisol have been reported (Mjnton and Blecha, 1990) .
The assay for melatonin in ovine serum was identical to the one validated in our laboratory for porcine serum (Minton et al., 1989) . Melatonin added to charcoal-stripped ovine serum was recovered quantitatively in the assay. When the concentration of melatonin measured in the assay was regressed on the concentration of melatonin added to stripped serum, the slope of the fitted regression line obtainh on the morning-of d 15 to assess antibody titers to ovalbumin by enzyme-linked immunosorbent assay (ELISA, detailed below). In addition, samples of whole blood also were obtained on that day for determination of total and differential leukocyte numbers (Blecha et al., 1984) and production of interleukin-2 (IL-2) by lymphocytes (Blecha and Baker, 1986) . For the ELISA of antibodies specific to ovalbumin, flat-bottomed, 96-well ELISA plates were coated with ovalbumin in carbonate buffer (pH 9.2) for 1 h at 37'C. Serially doubling dilutions of samples of serum were added to the plates (three wellddilution). After 1 h of incubation at 37T, horseradish peroxidase-labeled, rabbit-antisheep I@ was added, followed by addition of substrate. M e r incubation for 20 min at room temperature, the color reaction was read in a Bio-tek microplate readefi. Titers were expressed as the reciprocal of the greatest dilution of serum showing a positive reaction.
Analysis of Data. All data were analyzed using the GLM procedure of SAS (1982) . All immunological data were analyzed by analysis of variance with photoperiod treatment, glucocorticoid treatment, and the interaction of these effects as sources of variation in the model. The anti-ovalbumin titers were transformed to log2 values for analysis to ensure that these data were normally distributed. Interaction means were not compared unless a significant (P < .05) F-test occurred for the interaction of photoperiod x DEX. The melatonin data were analyzed by treating time as a continuous, independent variable and fitting the hormone data to polynomial equations. The fitted curves describing the data were subsequently tested for heterogeneity of regression (parallelism) using a general method for testing models (Milliken and Johnson, 1984) . The data for ACI'H and cortisol were averaged across the 24-h bleeding period and analyzed in a manner identical to that used for the immunological data.
Preliminary analysis of the melatonin data revealed that treatment with DEX did not affect the pattern of melatonin secretion in lambs. Therefore, the melatonin data were combined for LD+SAL and LD+DJZX lambs; these 24-h profiles are compared to those of lambs in LL (LLtSAL and =+DEB) in Figure 1 . The fitted profiles of melatonin differed (were not parallel) for lambs in LD (Figure 1, upper panel) vs those in U (Figure  1 , lower panel) (P < .001), reflecting the lack of a nocturnal drive for melatonin secretion in LL+SAL. and LL-tDJ3X lambs. These data verify clearly that the photoperiod treatment removed the circadian nocturnal rise in melatonin. D a t a for lambs in LD are consistent with other data from studies of melatonin in sheep in that the nocturnal increase in melatonin was found to extend over the entire period of darkness (Bittman et al., 1983) . Similarly, the melatonin data for lambs in LL are consistent 
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with data from a study with hamsters indicating that exposure to LL constitutes functional pinealectomy because it removes the melatoninderived measurement of daylength (Stetson et al., 1989) . Treatment every 48 h with DEX reduced the concentrations of both AClX in plasma (P < .005) and cortisol in serum (P e .005) (Figure 2 ) . Lambs in the two photoperiod treatments did not differ in concentration of either hormone. The ability of DEX to reduce both hormones reflects the negative feedback potency of this hormone on pituitary secretion of ACTH (KeUer-Wood and Dallman, 1984) .
The reduction in plasma ACTH we observed was approximately 50%, but treatment with DEX resulted in a 90% reduction of serum cortisol. Clearly, even after treatment with DEX for 2 wk, the hypothalamus-pituitary gland remained sensitive to the feedback action of the synthetic glucocorticoid.
The effect of the treatments on immunological responses is depicted in Table 1 . No photoperiod x DEX interactions were noted for any of the immunological endpoints evaluated, but there was a tendency for an interaction (P < .07) in production of E-2 (discussed below). Lambs in LD had greater total numbers of leukocytes than lambs in LL (P < .005). Most of this increase can be accounted for by greater numbers of lymphocytes (P < .07) and monocytes (P < .01) in lambs in LD. This finding was unexpected and is difficult to explain. Differential leukocyte counts were performed on single samples of whole blood taken from all lambs at the same clock time on the final day of the experiment. A circadian rhythm of blood leukocytes has not been documented in sheep. However, a rhythm of lymphocytes is present in mice that are housed in a 12-h photoperid, the peak of that hythm occurs early in the photophase (Kawate et al., 1981) . Because the most likely environmental entrainer for such a rhythm is the photoperiod (Binkley, 1990) , the effect we observed of the photoperiod on total leukocytes may reflect the entrain the rhythm; therefore, these lambs would have been sampled at random times during their nonentrained rhythm. Surprisingly, neither total nor differential leukocyte numbers were affected by treatment with DEX. In fact, only the antibody titers to ovalbumin were reduced by DEX treatment (P < .05). As noted above, the photoperiod tended (P < .07) to interact with DEX treatment for production of JL-2. This interaction apparently reflects the slight reduction in production of JL-2 for LL+DJ3X lambs compared with LL+SAL, whereas production of IL-2 w b similar for LD-tSAL and LDeDEX.
Others (Maestroni and Pierpaoli, 1981) have found decreased antibody synthesis (secondary response) in mice when the circadian secretion of melatonin was removed environmentally with constant light or pharmacologically with adrenergic antagonists. We did not observe a decrease in antibody titers to ovalbumin in lambs, suggesting that lambs may respond differently from mice to environmental removal of the melatonin signal. However, we cannot rule out the possibility that our use of an adjuvant stimulated such a robust antibody response that small treatment differences were masked.
The observed reduction in antibody titers against ovalbumin in lambs treated with DEX is consistent with the known ability of glucocorticoids to reduce titers of antibody produced in response to a nonreplicating antigen (Roth, 1985) . However, other classical effects of glucocorticoids include their ability to produce leukocytosis, with neutrophilia and eosinopenia (Gwazdaush et al., 1980; Roth et al., 1982; Roth and Kaeberle, 1983) . In addition, elevation of glucocorticoids in cattle by treatment with ACT'H also reduces lymphocyte production of IL-2 (Blecha and Baker, 1986) . Therefore, we expected DEX to produce similar effects on the lambs in the current study. The lack of effect may reflect the fact that T cells and B cells respond differently to DEX. Alternatively, this may reflect a desensitization of leukocytes by prolonged exposure to high concentrations of glucocorticoids. Two lines of evidence support the later possibility. First, lymphocytes of DEX-treated lambs must have been sensitive to the suppressive action of the treatment initially because the antibody response to ovalbumin was reduced in those lambs. Second, even after 14 d of treatment, the biological potency of the DEX, as measured in other physiological terms (ability to suppress ACI'H), was still quite marked. The mechanism by which leukocytes may become insensitive to DEX is uncertain, but cortisol has the ability to down-regulate its own receptor on mitogen-stimulated lymphoid cells (Westly and Kelley, 1987) .
lrnpllcatlons
Presence of a nocturnal increase in melatonin is not requisite to some measures of normal immunological function in lambs. Our data do not preclude the possibility that the circadian secretion of melatonin may affect immunological function in other species or that pharmacological doses of melatonin may be immunomodulatory, even in lambs. Leukocytes may become insensitive to chronically elevated glucocorticoids.
